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Tuesday, February 10, 2015 475acamera, and the adaptation of the phase-ramp 3D method to encode fluorophore
color in the relative intensity of the two PSF lobes.
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Wei Ji, Bei Liu, Yanhong Xue, Wei Zhao, Tao Xu.
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We demonstrate a cryogenic super-resolution correlative light and electron
microscopy of vitrified specimens which were prepared by high pressure
freezing and cryo-sectioning to maintain a close-to-native state with better
fluorescence preservation. Several fluorescent proteins were found photo-
switchable and emitted much more photons under cryo-condition, hence result-
ing in higher localization precision. We observed nice correlation of a
mitochondria protein with mitochondria outer membrane at nanometer resolu-
tion in three dimensional.
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Over the past few years, our lab has developed a method for precisely deter-
mining the shape of bacterial cells in 3D by fluorescence microscopy. We
use this method to measure the position of MreB in relation to the cell surface.
To ensure that our measurements of fluorescent MreB reflect untaggedMreB as
nearly as possible, we have integrated our fusion at the native locus. This
construct has unperturbed mass doubling times and proper rod-like shape.
The shape and localization measurements that we report here are measured
as snapshots from hundreds to a few thousand cells per condition.
MreB, a membrane-binding structural homolog of actin, is one of the key
players in properly patterning growth of the bacterial cell wall and thereby
the shape of the cell. In one series of experiments, we show that the helical pitch
of MreB filaments in E. coli is highly correlated to the diameter of the cell. This
correlation holds for E. coli whose diameter has been altered by treatment with
sub-lethal doses of the MreB targeting drug A22 and for single point mutants
in MreB.
Additionally, MreB polymers show a clear preference for regions of negative
Gaussian curvature. We hypothesize that cells use this geometric sensing mech-
anism to straighten their centerlines [Ursell et al., PNAS 2014]. When this cur-
vature preference is abolished (E. coli MreB A158T), cells are more frequently
branched. In the smaller, comma shaped bacterium Caulobacter crescentus, the
curvature enrichment profile shows a plateau region at low positive Gaussian
curvature. This plateau enables Caulobacter cells to grow with their character-
istic comma shape instead of as straight rods.
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Single-molecule approaches can now allow us to follow the movement, inter-
actions and conformational dynamics of individual molecules in real-time, thus
providing novel insights in complex biochemical systems that have remained
masked in the ensemble averaging of traditional bulk biochemical approaches.
However, most single-molecule experiments are based on in vitro reconstituted
systems with either surface-immobilized or freely-diffusing biomolecules in
dilute conditions. Observing individual biomolecules in their native, crowded
intracellular environment currently remains an extremely challenging task.
Pushing the limits of spatial/temporal resolution, and more importantly detec-
tion sensitivity, to enable performing single-molecule assays using fluores-
cently labeled biomolecules inside living cells would open many new
frontiers in biochemical investigations; however few generally applicable
viable approaches have been described. Here we show the theoretical basis
and experimental validation of a new approach based on spatially-targeted
manipulation of the fluorescence capabilities of single individual fluorophores.
We show that with appropriately shaped on-off switching light-fields as well as
by carefully considering the time-evolution of the fluorescent state at different
xyz positions, sharper single-molecule images can be obtained. Furthermore,
we demonstrate increased sensitivity in real-time detection of inter-molecular
associations of individual target-probe molecular partners. Our results addition-ally indicate the potential for increased sensitivity using our approach to detect
individual intracellular factors, such as the components of the RNA Polymerase
II transcription machinery in the nucleus of single-living cells.
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Dynamic clustering of proteins on the nanoscale is a vital step in many
signaling processes and other cellular functions. Localization microscopy tech-
niques such as PALM and dSTORM provide methods to localize complexes to
nanoscale resolution. Quantification of the number of underlying protein sub-
units is more difficult, however, due to the complex photophysics of the fluo-
rophore labels. Re-activation, stochastic blinking, and incomplete detection
all contribute to over- and under-counting artifacts.
In order to generate an accurate quantification of protein subunit numbers we
have developed a method based on fluorophore blinking kinetics captured in
PALMmicroscopy. This approach takes advantage of both spatial and temporal
information to form adaptive discrimination criteria and avoids both over- and
under-counting quantification errors. The technique presented can correctly
identify and quantify molecular clusters in simulated data with 98% accuracy.
We will present additional data on the application of this technique in quanti-
fying the nature of clusters of proteins involved in the immune synapse and
immune signaling.
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Super resolution microscopy based on single-molecule localization relies on
precise and accurate localization of large numbers of single-molecules. How-
ever, the necessity of accumulating large numbers of localization estimates
limits the time resolution typically to seconds to minutes1,2.
Two major limitations are the acquisition speed and the photon budget. Replac-
ing the usually used EMCCDwith a recently introduced sCMOS camera results
in leaps in both acquisition speed and effective quantum efficiency. However,
the intrinsic pixel-dependent Gaussian noise of the sCMOS cameras introduces
localization artifacts and greatly reduces the reliability of the results.
Here, we present a set of specially designed methods that characterize an
sCMOS camera for the first time and allow for unbiased and precise localiza-
tion analysis. Using this method we demonstrate Cramer-Rao lower bound-
limited single-molecule localization with an sCMOS camera. Combining the
novel algorithm with a recently developed multi-emitter fitting algorithm3,
We shortens the typical acquisition time for fixed samples by up to two orders
of magnitude without compromising the field of view. Furthermore, we demon-
strate localization-based super-resolution microscopy in live cells by moni-
toring dynamics of protein clusters, vesicles and organelles at a temporal
resolution from 2 to 30 frames per second4.
These methods allowed us to investigate cytokinetic apparatus in live fission
yeast at 20-30 nm resolution. In general, the significantly improved temporal
resolution allows super resolution imaging of a large range of dynamic events
in living cells.
1. Patterson, G., Davidson, M., Manley, S. & Lippincott-Schwartz, J. Annu.
Rev. Phys. Chem.61, 345-67 (2010).
2. Gould, T. J., Hess, S. T. & Bewersdorf, J. Annu. Rev. Biomed. Eng.14, 231-
54 (2012).
3. Huang, F., Schwartz, S. L., Byars, J. M. & Lidke, K. A. Biomed. Opt.
Express 2, 1377-93 (2011).
4. Huang, F. et al.Nat. Methods 10, 653-8 (2013).
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In recent years, under the general term of pointillism microscopy many tech-
niques have been developed which employ sequential imaging of photoswitch-
ing fluorophores to circumvent the diffraction barrier in light microscopy
476a Tuesday, February 10, 2015(PALM, FPALM, STORM, dSTORM, etc.). Single molecules are localized in
the plane perpendicular to the optical axis and several methods exist to obtain
the axial coordinate, enabling three-dimensional imaging.
The highest three-dimensional resolution in fluorescence microscopy can be
obtained by combining pointillism microscopy with interferometric detection
through two objectives (1). Here, the axial coordinate is acquired with great ac-
curacy from intensity variations caused by interference. However, this
approach is very demanding with respect to setup stability and sample prepara-
tion, as the coherence length of fluorescent molecules is in the range of 10 mm.
Therefore already small changes in sample thickness and refractive index can
prevent the coherent detection of a single fluorescent molecule. Another way to
enhance localization accuracy by using two objectives is to employ this
approach in combination with astigmatic detection, where the axial coordinate
is calculated from astigmatism introduced by an additional cylindrical lens.
This already yields a O2-fold increase of localization accuracy, as twice as
many photons are collected (2), although the axial resolution of an interferom-
eter is not reached. To make use of the advantages of both detection schemes,
we built a setup offering interferometric as well as astigmatic detection.
Movable mirrors allow choosing the detection pathway depending on the appli-
cation and desired localization accuracy. We find that combining interfero-
metric and astigmatic detection in one setup yields the most versatile
instrument for studying a broad range of subcellular microcompartments.
(1) G. Shtengel et al. Proc. Natl. Acad. Sci. U.S.A., 106(9):3125-3130, Mar
2009
(2) K. Xu et al. Nat. Methods, 9(2):185-188, Feb 2012
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Background: HIV gp120 experiences multiple molecular interactions and struc-
tural rearrangements during host cell attachment and entry. However, the anti-
genic correlates of these dynamic changes are essentially unknown for single
HIVparticles bound to target cells.Gp120oncell-boundvirions is a target formul-
tiple humoral effector mechanisms mediated by anti-gp120 antibodies, including
direct neutralizing activity and eliminationbyFc-mediated effector functions such
as antibody-dependent cell cytotoxicity (ADCC). It is therefore critical to under-
stand the antigenicity of these conserved epitopes that become exposed during
productive viral replication, to provide important guidance for designing antiviral
strategies such as vaccines to raise protective antibody responses.
Methods: We studied the antigenicity of conserved epitopes by visualizing their
exposure on single HIV particles as they interact with target TZM-bl cells using
confocal microscopy. Epitope exposure was probed by visualizing the binding
of cognate antibodies.
We then employed direct stochastic optical reconstruction microscopy
(dSTORM) to determine the number of antibodies bound to cell-attached
HIV, and their location relative to the virus - cell contact site.
Results: CD4-induced (CD4i) epitopes thought to be sterically occluded from
the virus - cell interface, were exposed on cell-bound HIV gp120. The level
of A32, 17b and C11 CD4i antibody staining was similar to neutralizing anti-
bodies b12 and 2G12. The location of these CD4i epitopes was distal to the
virus - cell contact site.
Conclusion: The patterns of cell-bound gp120 epitope exposure are consistent
with the ADCC activities of cognate antibodies. CD4i epitopes were unexpect-
edly exposed distal to the HIV - cell interface, where they can be accessed by
antibodies involved in ADCC. These findings indicate that HIV-1 exhibits a di-
versity of epitope exposure upon attachment that may provide unique insights
for understanding how humoral immunity impacts HIV infection.
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Transition zone (TZ) proteins function as modular components of a ciliary gate.
The architecture of TZ is still largely undefined. Structural study of proteins
with high copy numbers in small structures (50-500 nm) brings challenges to
both of the two existing multicolor STORM approaches: the dense spontaneous
activation from the reporters introduces an overwhelming cross-talk when us-
ing the dye pair approach, while their relatively deep positions hinder precise
two-channel alignment when using reporter fluorophores in different color
channels. To conquer these challenges, we stained TZ proteins with the bright-est far red dyes such as Cy5.5, Alexa Fluor 680 and 647, and then measured the
fluorescence emission intensity in two distinct spectral channels. Accurate
fluorophore identification was achieved by calculating the ratio of emission in-
tensity in long wavelength channel to that in short wavelength channel. To
eliminate the error due to any misalignment of the two channels, we only
used the signals in the long wavelength channel for image reconstruction. How-
ever, alignment of the two channels is still required by the emission intensity
ratio measurement. We developed a self-referenced two channel alignment
method using the STORM data themselves. With the red dye multicolor 3D
STORM, we visualized the architecture of ciliary TZ consisting of IFT88,
Tmem231, Nphp1, Rpgrip1L, B9d1 etc. Rotational offsets between these pro-
teins were clearly resolved by a localization precision of 15 nm. Super resolu-
tion multicolor imaging of TZ opens a door to structure-function studies on
ciliary gating and intraflagellar transporting mechanisms.
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Carcinoembryonic antigen-related cellular adhesion molecules (CEACAMs)
are involved in intercellular interactions that control cellular growth, differen-
tiation, transformation, tumourigenesis, inflammation and infection. Previous
studies of the CEACAM family have provided compelling evidence for the ex-
istence of a complex equilibrium of monomers and dimers (or oligomers) and
have identified key factors that appear to influence the equilibrium. To date,
how CEACAMs behave, interact, organize and self-associate at the cell mem-
brane remains poorly understood. We have previously demonstrated using live
cell TIRF-homoFRET imaging that a heterogeneous population of CEACAM1
monomers and oligomers exist throughout the cell membrane but that the pop-
ulation was skewed towards the monomeric form in actin-rich domains. How-
ever these homo-FRET maps are diffraction-limited and do not represent the
true spatial distribution or dynamics of CEACAM1. In order to address these
questions, we have applied direct stochastic optical reconstruction microscopy
(dSTORM), to directly map the structure, distribution and oligomeric states of
CEACAM1. We also applied two colour dSTORM imaging of actin filaments
and intracellular CEACAM1 in order to further characterize the oligomeric
form of CEACAM1 during transport from the cytosol to the cell membrane.
These powerful approaches will enable us to elucidate the spatial distribution
of CEACAM1, and aid in identifying correlations between CEACAM1 self-
association, molecular structure, and function.
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Septins belong to a family of GTP-binding proteins that are thought to have
various functions in mammalian cells including acting as scaffolds for protein
recruitment, forming diffusion barriers, and participating in cytokinesis. During
interphase, these heterooligomeric complexes colocalize with F-actin stress fi-
bers and have been shown to stabilize their formation through direct interaction
with non-muscle myosin II. However during cytokinesis septin complexes
maintain NM II association and form characteristic higher order ring structures
at the midbody scaffold to facilitate cell division. The structural versatility of
septins is likely directly related to their many roles yet the organizational motifs
by which these oligomeric building blocks form filaments and higher order
structures has not been elucidated in mammalian cells. In addition, their intri-
cate spatial relationship with F-actin and myosin is of great interest in under-
standing the formation of stable cytoskeletal stress fibers. To address these
questions, we used the localization microscopy approach dSTORM (Direct Sto-
chastic Optical Reconstruction Microscopy). We report two-colour dSTORM
imaging of Septin2/Septin9 in filament and ring structures and characterization
of their periodic structure in human fibroblast cells using Alexafluor 647 and
ATTO532 on a custom-built combinatorial microscopy platform. To gain
insight into septins’ role in nanoscale cytoskeletal protein organization, an
array of two colour superresolution imaging was carried out on combinations
of septin proteins, F-actin and non-muscle myosin II isoforms A and B and
discrete nanoscale spatial arrangements were characterized.
